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C K4t & MEP O iR #1340~50ms TH 5. F
BEOMIEAEIA 70— ZZEL - 1HICH
WTEEGEMGRIUY S 7 TTFEHOBRHM I
F o 0—X ZIZRG L THOREE EhsFh &
U X LD20~25Hz BN IE BN GLER S
N7z (M5). EREHEFEMBRICILAKIIBNTS
F 70— X XDHETETORENMERGRIEEIN TR
—JEEEAHEDEE En Sk I N/, paired-
pulse TMS TlIHlEAIMEA5~40ms T MEP M%&
BICHBINE ZOXIICHERNEIA Y
O—XXA&E2LZEFDE T15~25Hz D os-
cillation 73388 541, beta ERS & O BIE M ATHE
Hxha'W

2. 40~50Hz oscillation

BEHEIA 70— 2% 2L -BE T340~
50Hz oscillation #7R 9 Z EME W, (KEEFENIE
BICEEM I A7 0—-XX24E U7 1 Hl 2R
BETIERLARY EMTENEER T B/ BEIEIN
S0Hz DU X LEEHT HHME/NNY—2 %FRL,
EEGEMGHR U T T 7IZBWTHHEHITE
UTRU UX LRSS N/ JLA
BERWERETRIA 70— X AHREICK
30ms Fe17 U TR D FLEIC Il L 23388
5 /-, paired-pulse TMS THRIED I X LD
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EEG - EMG polygraphy after left tibial nerve stimulation

Cortical myoclonus 80 F

EEG A ﬁﬁ A

CZ -AIA2 W ﬁ A ﬁj'ﬁr fh.
'L"’r*wl “rLHI' h||l||| L"l( II Irﬂfﬂ'i vl Vi "Ls' ou
| |
l

e “[v-ifuﬂ*w H){J‘M

!

Lt. tibial n stim.

CRE———
100ms

H5 #BMREMIAIO0-XREBETROHSN=20Hz oscillation

BEHOEMGEHI NG, 0L D REEH
247 0— X A TIIEERIC40~50Hz O oscil-
lation @D H N, MEBEEBRICEZEINS
gamma ERS & OB ENHERI TN 5.

3. very fast oscillation (80~500Hz)

EERITBWTHMOKIKEE & R very
fast oscillation 3% ET 5 Z L SHERI T B A8
FTNERTTAREIMIZUN, C KEZEEIR
simple 72K &2 R MRFICZAHE LR 2B EMN
H5H K-V DOHEKRIZ2.5~4ms (250~400
Hz) T® 0, very fast oscillation 21 7L L T
WBRREMENBZ SN EY. £k, TMSERICH#
K= 12— 0224 U % multiple 1 waves & &
HMEHRETHD, ZORNHEEIZHS500~700Hz
Thd hHIEHEREHFCERHFTROLSND
high frequency oscillations (HFOs) & [& U ##
FHEZVEEZBEZ/OONFRHATH S, Lnrl,
HHEDTAMAT very fast oscillation D FLH
MERIN, IFAV70-XRABETHEEHO
HFOs MERIETH B Z EMMEINTH DY,
FEHEHOREEZEUCZ2EATREFEAND 3.

4. KIMEHEBEEZEMNIE (CBD) ICH1F5o0s
cillation

CBDIZBIFZIA I O0—XAIMMDKER TR
OHENDIAT/O—XREHRTLYUTIZRTLD
BRERBSEHHERT S OS2 RT LK
CHMLD, QR#RL D HEMERICEE LD,
RIEEZHIREDAMEEATHREZED S
ZETHERINDTL, TOHBII—REESHET
(6 ~7Hz) y7O0—XZKkiIZR X %, @ giant SEP
RARHSNT, DU ARERINIERED Z &8
%, @ILAET®H premyoclonic spike iz
S5hizly, ®CKRENIELHR SN D0FDERFZEMN
5EHE XN B cortical delay time 1358 <, B
BRAL KN EIEEZIZY, ©®40~50Hz ®
oscillation MFEH 5N B Z EA%Z L, EEG-EMG
RUT T 72BN THA0Hz OEREMEIEEI AL E
SNEFITOEREIA /70—-X 22N —
& U 7= jerk-locked MEP T3 C x4t & 23ms o h
T MEPERINDRWY I Tizs.. T
REBEENTIEL TWDIEMRIN:.
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_] FREENEBER Y h T — b
HbEZXBD
MIDOHAICEEE 5 Z 5 KHKEE IR 2

BET DM, EICEHME (PMd, PMv) #

EEHT, FHEE#KN (PPC), REFNEET

b5, EENENPSDEEBBEETHS. Iho

DOFy b7 —IHEEE A D HEE L TEOMEEIC

TMS H» 5 WIErTMS & BRI & L THZ,

MEP \NDEE# B 5 Z ENTONTNSY,

1. EHFIFRH
ERIDPMAIZX L THETOBEETMSH %W
I 1Hz rTMS 25 %X % & MEP 12 {BIEE T L,
5Hz rTMS TRIRIEHE KT 2. Zh5DAER
AWTY A =7 TOPMA-MIMGIHERESET
MIAFEINTNBEY, ISITFERETEOR
EOMMD PMd 5 DEELRFTINTND,

2. B W) B

M2 TMS 2 5.2 % Z &12 & D KK EiEE
BAD TMS H5WIEEZHIMIC LD EHIND
MEP ¥l &, /INEFHBETIIRE LIRS

ZEMMETNTNSY, NIREHRED-DIZ
BTN a—>2 a0V DOHR0OEEBELRE LSS
Bz #S e %EARELD 3cm MO
MLIZEE, I>bO—IVEBIZET, HI8E W
S5ms THHIMNIAEE D, 3~4msFEKET
5. ZOMBILNIEFEIZ L > TNRE DT )
FIMfAAFE I, R L AR
H O, IR — KINEERIESEIE LS N
REESHHZNMH T2 LA TN TN S
BB AR L ERETY T a—
a1 )& AW TGS TMS 2MA 5 & [
R kR — SIS ER 26 ~28ms TIE@ERI R
MAEL, FIUTHWTHKS0mSs Ffrkd 2 Mfxh 3
MEBHEND, HBRKRHMmME 6 » AREL -Eh
5EEFEOHREEEEIZNA T 3Hz OEE
RrR 2 3800 7= B T/ M EZ AR R S D B AT HE I
SN, ZOHETORE LB —5EH TOREN
WL Th?,

.

TMS 2 W= EHHF OHEEN %2 » S BEEIT
R2ITRTIDIEHHRERINTVS, LirdbE

l RELNCFHEENEERTHD

£ 2
a ENFEBMYERS/=HD MEP AIEE

Single TMS
Motor threshold (MT)
MEP amplitude (MEP)

Cortical silent period (CSP)

Paired TMS

Short-interval intracortical inhibition (SICI) : 1 — 5ms
Intracortical facilitation (ICF) : 7 —20ms

Short-interval intracortical facilitation (SICF) : #]1.5ms &
Long-interval intracortical inhibition (LICI) : 50—200ms

R ARERI

Short latency afferent inhibition (SAI) :2 — 8ms

b : TMS & REFHER

MT : Na‘channel [HZEH|TET

MEP : GABA4R agonists TI&F, SSRI TLHE
CSP : GABAAR # [, ### T GABA’R &

SICI : GABALR % [k
ICF : GABA? glutamate?

SICF: BEMNMEF=-2—0> (I wave ¥4)

LICI : GABAGR # [Z i
SAI : cholinergic function?
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ARTICLE INFO ABSTRACT

In patients with idiopathic normal pressure hydrocephalus (iNPH), ventriculomegaly and narrowed
subarachnoid spaces at the high convexity appear in magnetic resonance (MR) images before the occurrence
of objective symptoms. In addition, quantitative regional cerebral blood flow (rCBF) has been reported to be
reduced in iNPH patients with objective symptoms. To determine whether reduced rCBF is responsible for the
appearance of symptoms, we compared rCBF in patients with suspected iNPH with no objective triad
symptoms (NOS), iNPH patients with apparent objective triad symptoms (AOS) and normal control subjects
(NC). Regional CBF was quantified in 35 Regions-of-interest (ROIs) by 123I-IMP single photon emission
computed tomography (SPECT) using the autoradiography (ARG) method. Multiple comparisons showed
that, in all brain regions examined except for in the frontal white matter, rCBF in the NOS group was
significantly lower than that in the NC group, but in all brain regions, not significantly different from that of
the AOS group. These results suggest that factors other than rCBF in the resting state are responsible for the
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occurrence of objective symptoms of iNPH.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Normal pressure hydrocephalus (NPH) is a treatable syndrome
accompanied by a progressive triad of gait disturbance, cognitive
impairment and urinary incontinence resulting from ventricular
enlargement, and is associated with normal cerebrospinal fluid
(CSF) pressure [1]. Idiopathic NPH most commonly occurs in the
sixth to eighth decades of life without an identifiable causative
antecedent disease. Both ventriculomegaly and a narrowed subarach-
noid at the high convexity are observed in brain magnetic resonance
(MR) images in about one percent of normal elderly subjects as well
as in patients with iNPH [2]. Quantitative regional cerebral blood flow
(rCBF) seemed to be reduced in iNPH patients [3], which raises the
question whether quantitative rCBF is also reduced in patients with
pre-clinical stage iNPH.

* The address of institution in which the work was carried out: Department of
Psychiatry, and Department of Nuclear Medicine and Tracer Kinetics, Osaka University
Graduate School of Medicine, D3, 2-2 Yamadaoka, Suita-city, Osaka 565-0871, Japan.
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School of Medicine, D3, 2-2 Yamadaoka, Suita-city, Osaka, 565-0871, Japan. Tel.: + 81
6 6879 3051; fax: +81 6 6879 3059.

E-mail address: kazui@psy.med.osaka-u.ac.jp (H. Kazui).

0022-510X/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2010.09.001

Kitagaki et al. observed narrowed subarachnoid spaces at the high
convexity and enlarged sylvian fissures, as well as ventriculomegaly,
in patients with iNPH [4]. In fact, the narrowed subarachnoid spaces at
the high convexity on computed tomography images or MR images
was used as an inclusion criterion for iNPH patients in some previous
studies [5-7]. A recent epidemiological study in Japan reported a
combination of ventriculomegaly and narrowed subarachnoid spaces
at the high convexity on MR images in 12 (1.5%) of 790 community-
dwelling elderly subjects [2]. Eight (1.0%) of the subjects had none of
the triad symptoms, leading the authors to diagnose the subjects as
having “asymptomatic ventriculomegaly with features of idiopathic
normal pressure hydrocephalus on MRI (AVIM)”. Two (25%) of the
eight subjects with AVIM developed cognitive impairment and/or gait
disturbance during 4-8 years follow-up. Thus, AVIM may be a
preclinical stage of iNPH and patients with AVIM might provide
clues to the neuropathological mechanism of the triad symptoms of
iNPH.

There is some evidence that the cerebral vasculature has a role in
the occurrence of symptoms of NPH, especially in iNPH [8,9]. Several
studies seemed to show an association between rCBF reduction and
the appearance of clinical symptoms, although there were some
inconsistencies in the data [3,7,10-19]. The inconsistencies can be
attributed to a number of methodological problems: (1) relative rCBF
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was analyzed in most of the studies [7,17,18], although quantitative
rCBF could decrease over broad regions of the brain in patients with
iNPH [3]. (2) In some of the studies, rCBF was analyzed by a voxel-
wise comparison technique, such as statistical parametric mapping
(SPM) [7,17] or three-dimensional stereotactic surface projections
(3D-SSP) [18], although the brains of iNPH patients were too severely
distorted to be mapped by the automated voxel-wise comparison
technique [18]. (3) In studies using region of interest (ROI) analyses,
the number of ROIs was limited [3]. (4) Some of the studies included
not only patients with iNPH but also patients with secondary NPH
[12,14,20]. (5) Some studies measured rCBF in iNPH patients that
were experiencing small improvements of symptoms after shunt-
operations [17].

Because hypoperfusion has been observed in several brain regions
in iNPH patients with triad symptoms [11-13,21], we hypothesized
that hypoperfusion would not be detected in the brains of suspected
iNPH patients with no objective symptoms. To test this hypothesis, we
recruited patients with iNPH-associated MR image features with and
without objective triad symptoms. For controls, we used existing data
for normal elderly subjects. We then compared the quantitative rCBF
of the 16 brain regions among the three groups.

2. Methods

This study was approved by the Ethical Committee, Osaka
University Graduate School of Medicine. Written informed consent
was obtained from both subjects and their caregivers.

2.1. Subjects

For our study, we recruited patients with suspected iNPH from
patients who visited the neuropsychological clinic in the Department
of Neuropsychiatry of Osaka University Medical Hospital from 1 May
2007 to 31 December 2008. Inclusion criteria for the study were (1)
age >60 years, (2) both ventricular dilatation (Evans index >0.3) and
narrowed subarachnoid spaces at the high convexity without severe
cortical atrophy, shown on MR images, (3) absence of diseases or
conditions that could cause the clinical symptoms or radiological
findings, (4) no history or evidence of conditions that might cause
secondary NPH. During the above period, we recruited 14 patients,
with a mean age of 73.1 + 4.6 years (range, 64-80 years) and a mean
educational attainment of 13.44-2.9 years (range, 9-16 years).

The iNPH grading scale (iNPHGS) [22] is a clinician-rated scale to
separately rate the severity of each of the triad symptoms of iNPH. The
score of each domain ranges from 0 to 4. Zero indicates normal and

one indicates having subjective symptoms without objective symp-
toms. Two to four indicate having apparent objective symptoms, in
which higher scores indicate worse symptoms. In the gait domain, the
condition of score 1 was complaint of dizziness of drift and dysbasia
but no objective gait disturbance and that of score 2 was an unstable,
but independent gait. In the cognitive domain, the condition of score 1
was a complaint of amnesia or inattention but no objective memory or
attentional impairment and that of score 2 was amnesia or
inattention, but no disorientation of time or place. In the urinary
domain, the condition of score 1 was pollakiuria or urinary urgency
and that of score 2 was occasional urinary incontinence (1-3 or more
times per week but less than once per day).

We evaluated the triad symptoms of the 14 iNPH patients with
iNPHGS and divided the patients into two groups according to the
iNPHGS scores. One group consisted of seven patients whose iNPHGS
scores for all triad domains were 0 or 1. We designated this group as
suspected iNPH patients with no objective triad symptoms (NOS)
(Fig. 1, Table 1). All seven patients had a score of 1 in at least one of the
triad domains. They thus differ from AVIM individuals who were
defined as showing no neurological symptoms or signs (although
the scale by which symptoms were measured was not given) [2]. The
NOS group consisted of six males and one female. Their mean age was
72.7 £5.7 years (range, 64-80 years), mean morbidity duration was
3.2+ 2.4 years (range, 0.5-6 years) and mean educational attainment
was 13.94 2.5 years (range, 9-16 years).

The other group consisted of seven patients who had an iNPHGS
score of 2 or more in at least in one of the triad domains and were
called iNPH patients with apparent objective triad symptoms (AOS)
(Table 1). The AOS group consisted of four males and three females.
Their mean age was 73.64+ 3.6 years (range, 68-79 years), mean
morbidity duration was 2.9+ 1.3 years (range, 1-5 years) and mean
educational attainment of 12.9+4 3.4 years (range, 9-16 years). The
mean value of CSF opening pressure of the AOS group was 163.6 +
25.4 mmH20 (range, 140-205), which met the criteria of normal
pressure (70-245 mmH20) [23]. The CSF of all of the AOS patients
was clear and had no abnormalities. The symptoms of all of the AOS
patients transiently improved after discharge of 30 ml of CSF [24].
Four of the patients subsequently underwent a lumbo-peritoneal
shunt (LP-shunt) operation, and all of them improved as a result of it.

For single photon emission computed tomography (SPECT) data
for normal subjects, we used existing SPECT data for 34 subjects.
These 34 subjects were selected from the 147 normal controls for a
previous study [25], according to the following criteria. They were
aged 60 years or older and lived in their own homes or in homes for
the independent elderly. The inclusion criteria of the normal elderly

Fig. 1. Brain MR images of a NOS patient. (a) and (b) are MR images of an 80-year-old male patient with NOS (NOS 4). His MMSE score was 28/30. NOS: suspected iNPH patients with
no objective symptoms. Lateral ventricle dilation (Evans index>0.3), narrowed subarachnoid spaces at the high convexity, and dilation of sylvian fissure and basal cistern are

observed in the patient.
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Table 1
Demographic data.
Subjects Age Sex Chief complaint Educational Mobidity
attainment duration

AOS1 75 F Amnesia 10 2
AOS2 74 M Gait disturbance 16 3
AOS3 68 F Gait disturbance 9 1
AOS4 79 F Gait disturbance 16 2
AO0S5 71 M Gait disturbance 16 4
AOS6 72 M Gait disturbance 9 3
AOS7 76 M Gait disturbance 14 5
NOS1 80 M Amnestic complaint 13 5
NOS2 71 F Amnestic complaint 14 6
NOS3 72 M Amnestic complaint 9 3
NOS4 80 M Feeling unstable walking 13 6
NOS5 72 M Feeling unstable walking 16 1
NOS6 70 M Feeling unstable walking 16 1
NOS7 64 M Feeling unstable walking 16 0.5
NC1 73 M NA 12 NA
NC2 79 M NA 16 NA
NC3 70 M NA 12 NA
NC4 79 M NA 16 NA
NC5 68 F NA 12 NA
NC6 71 F NA 12 NA
NC7 78 F NA 15 NA

M : male, F : female.

AOS : iNPH patients with apparent objective triad symptoms , NOS: suspected iNPH
patients with no objective triad symptoms, NC : normal controls. The seven patients
with AOS were numbered AOS1 to AOS7, the seven patients with NOS were numbered
NOS1 to NOS7, and the seven normal controls were numbered NC1 to NC7.

control subjects in this study were having (1) the Mini-mental State
Examination (MMSE) [26] scores of over 27, (2) ability to walk 1 km
without assistance, (3) availability of reliable informants, (4) full
scores on the Physical Self-Maintenance Scale (PSMS) and the
Instrumental Activity of Daily Living Scale (IADL) [27] rated by their
informants, (5) normal MR images, without ventriculomegaly or
narrowed subarachnoid spaces at the high convexity, (6) normal
Magnetic Resonance Angiography, and (7) willingness to undergo
SPECT scan with the method as described in SPECT procedure. The
exclusion criteria in this study were (1) existence of neurological or
psychiatric disease in the past or in their current medical history, (2)
head injury with unconsciousness for more than 1h, and (3)
undergoing active therapy for life-threatening cancers or poor
condition due to a chronic disease. In the 34 normal elderly control
subjects, 11 (seven males and four females) had undergone the same
types of cognitive and gait tests that the NOS and AOS subjects had
undergone. We selected four males and three females from these 11
subjects in the database that matched the NOS subjects in age (within
5 years). The normal controls (NC) had a mean age of 74.0 4+ 4.6 years
(range, 68-79 years) and a mean educational attainment of 13.6 +
2.0 years (range, 12-16 years).

There was no significant difference among the three groups, with
respect to age (F(2,18)=0.14, p=0.87, one-way ANOVA), sex
(p=0.60, Fisher's exact test) or educational attainment (F(2,18) =
0.25, p=0.78, one-way ANOVA). There was also no significant
difference between NOS and AOS in morbidity duration (F(1,12)=
0.11, p=0.74, one-way ANOVA).

2.2. Evaluation of cognitive and gait functions

Cognitive examinations were administered to the iNPH patients,
including MMSE [26], Frontal Assessment Battery (FAB) [28], selective
attention test of Trail Making Test (TMT A) [29], Attention/
Concentration (AC) subtest of the Wechsler Memory Scale-Revised
(WMS-R) [30], and subtest of the picture recognition and subtest of
the immediate and delayed recall of a short story of the Rivermead
Behavioural Memory Test (RBMT) [31]. The MMSE is one of the most
widely used screening instruments for dementia and provides a total

score ranging from 0 to 30, with lower scores indicative of greater
cognitive impairment [26]. The FAB is a simple tool for assessing
frontal lobe symptoms [28]. TMT A is a neuropsychological test for
evaluating psychomotor speed [29].

Gait disturbance was evaluated with the Timed Up & Go Test
(TUG) [32], which has been used to evaluate walking ability [33,34]
and gait disturbance in iNPH patients [22]. This test measures the total
time it takes a subject to perform a series of movements, or, sitting in
an armchair to stand up, walk forward 3 meters, and return to the
seated position.

As for NC subjects, we gained the data of evaluations of cognitive
and gait functions from the database for the previous study [25].

2.3. MR imaging procedure

MR imaging for patients with AOS and NOS, was performed on a
1.5-T system (Signa Excite HD 12.x, General Electric Medical Systems,
Milwaukee). A three-dimensional volumetric acquisition of a T1-
weighted gradient echo sequence produced a gapless series of thin
sagittal sections that cover the whole calvarium. The operating
parameters were as follows: field of view =240 mm, ma-
trix =256 x 256, 124 x 1.40 mm contiguous sections, TR=12.55 ms,
TE=4.20 ms, and flip angle =15°.

2.4. SPECT procedure

Regional CBF was quantitated by N-isopropyl-p-[123I] iodoam-
phetamine (123I-IMP) autoradiography (ARG) using a SPECT scanner
(SPECT-2000H, Hitachi Medical Co., Tokyo, Japan). The scanner has a
four-head rotating camera. The scanner, fitted with low-energy,
medium-resolution collimators, has as intrinsic spatial resolution of
13-mm full width at half maximum (FWHM) in-plane and axially.
Scanning was initiated 15 min after 1-min intravenous infusions of
167 MBq of [123I]IMP and physiological saline into a brachial artery,
each delivered at a constant rate of 1.5 ml/min. Scan duration was
26.7 min (mid-scan time = 28.3 min). Two milliliters of arterial blood
was taken from the opposite brachial artery at 10-14 min post-IMP
administration. The radioactivity concentration of the blood was
measured with a well counter cross-calibrated with SPECT. The partial
pressures of 02 and CO2, and pH of the blood were measured with a
blood gas tension analyzer. The projections of the SPECT scan were
acquired by a 360° continuous rotation of the camera. The images
were reconstructed using filtered back-projection with a Butterworth
filter (Cut-off = 0.20, Nyquist; order = 10), in which attenuation was
corrected numerically with an attenuation coefficient of 0.08 cm ™!
[35].

Quantitative rCBF values were calculated based on the 2-
compartment model analysis of IMP, with the assumption that the
distribution volume (Vd) was 40.0 ml/ml. Regional CBF maps were
calculated pixel by pixel (64 x 64 matrix size) from the SPECT data and
the standard input function was calibrated by one-point arterial blood
sampling.

2.5. Regions of interest (ROIs) analysis

We used the ROl method to evaluate rCBF in each subject and
compared the rCBF among AOS, NOS, and NC subjects. Thirty-five ROIs
were used in this study. Fig. 2 shows the location of the ROIs on brain
template images. A monitor screen displayed each patient's MR image
together with the corresponding brain slice templates. One investi-
gator (M.T.), who specializes in neuroimaging, and who was blind to
the subject's clinical information, manually placed the ROIs, each a
circle 11 mm diameter on MR images of each subject, while referring
to the brain template images. Then, he coregistered each MR image
and the corresponding SPECT image using Neurological Statistical
Image Analysis Software (NEUROSTAT) [36], and quantified the rCBF

— 380 —



38 M. Takaya et al. / Journal of the Neurological Sciences 298 (2010) 35-41

Fig. 2. Brain templates displaying ROIs on axial MR images of a normal brain Thirty-five regions of interest (ROIs), numbered from 1 to 35, are located in these four slices of MR
images parallel to the AC-PC line. The 35 ROIs were lumped into 16 regions (Table 3) and quantitative rCBF was averaged for each region. (a) superior parietal lobe level ;

(b) posterior cingulate gyrus and precuneus level ; (c) thalamus level ; (d) pons level.

of the 35 ROIs of each subject. ROI location and quantitative rCBF
measurement were performed twice (test and retest) in order to
determine the test-retest reliability, although only the data obtained
in the first test were used in the comparisons of the three groups. We
classified the 35 ROIs into 16 regions (listed in Table 3).

2.6. Statistical analysis

Demographic, clinical and rCBF data were analyzed with JMP8
(SAS Institute Inc, Cary, NC, USA). The NOS, AOS and NC groups were
compared with one-way analysis of variance (ANOVA). A post-hoc
Turkey-Kramer HSD test was used when appropriate. The level of
statistical significance was set at p<0.05. Test-retest reliability was
assessed by the intraclass correlation coefficient (ICC) [37].

3. Results

3.1. Cognitive and gait assessment

One-way ANOVA revealed significant differences among the three
groups in all the cognitive tests (Table 2). Post-hoc tests showed that
the scores of AOS were significantly worse than those of NCin all the
cognitive tests. Although the mean scores of the NOS group were
between those of the NC and AOS groups in all the cognitive tests,
there were no significant differences between NOS and NC. The
differences between NOC and AOS were significant in MMSE, FAB, the
Attention/Concentration subtest of the WMS-R, and the immediate

recall of a short story subtest of the RBMT, but not in TMT-A, or the
subtests of picture recognition and delayed recall of a short story of
the RBMT.

As for gait evaluation, the TUG scores of the NC and NOS groups
were significantly lower (i.e. better) than those of the AOS group.

3.2. Comparison of quantitative rCBF

The ICCs, which assessed the test-retest reliability, was 0.96 for all
35 ROIs and ranged from 0.79 to 0.99 in 16 brain regions (Table 3),
indicating high reliability of the ROI method used in this study.

One-way ANOVA showed significant differences in the quantita-
tive rCBF in all regions among the three groups (Table 3). Post-hoc
Tukey-Kramer HSD tests revealed that the quantitative rCBF of the
NOS group was significantly less than that of the NC group in all
regions except for in the frontal white matter, and that the
quantitative rCBF of the AOS group was significantly less than that
of the NC group in all regions (Table 3). Additionally no significant
differences of quantitative rCBF were observed between the NOS and
AOS groups in any of the regions (Table 3).

4. Discussion

In this study, we evaluated the quantitative rCBF of suspected iNPH
patients who had specific MR image features of iNPH (enlarged
sylvian fissures together with ventriculomegaly and narrowed
subarachnoid spaces at the high convexity), but who did not have
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Table 2
Results of cognitive and gait evaluations.
Cognitive and gait tests Scores of tests Statistical analysis
Average £+ SD One-way ANOVA Tukey-Kramer HSD
A0S NOS NC F value, p value

MMSE (possible range 0-30) 21.1+68 279+13 29.1+1.1 F(2,18)=7.84, AOS<NOS* AOS<NC®
P=0.0036

FAB (possible range 0-18) 10.8+26 144+14 159+1.3 F(2,17)=13.06, AOS<NOS" AOS<NC*
P =0.0004

TMT A (seconds) 10834674 53.1+£17.1 39.6+17.0 F(2,17)=5.44, AOS>NC*
P=0.0149

WMS-R AC index 81.7+17.7 101.9+10.1 107.14+11.7 F(2,17)=6.47, AOS<NOS* AOS<NC”
P=0.0081

RBMT picture recognition 8.2+17 91+09 10.0+0 F(2,17) =4.69, AOS<NC(C?

(possible range 0-10) P=0.0239

RBMT immediate story recall 55+3.1 11.1+£35 11.74£23 F(2,17)=8.20, AOS<NOS® AOS<NC®

(possible range 0-25) P=0.0032

RMBTdelayed story recall 41434 79446 9.8+33 F(2,17)=3.62, AOS<NC*

(possible range 0-25) ) P=0.0489

TUG (seconds) 143+34 105+ 1.5 10.54+1.7 F(2,17)=6.05, AOS>NOS* AOS>NC?
P=0.0104

AOS : iNPH patients with apparent objective triad symptoms, NOS: suspected iNPH patients with no objective triad symptoms, NC : normal controls.
MMSE: Mini-Mental State Examination (possible range 0-30), FAB: Frontal Assessment Battery (possible range 0-18), TMT A: Trail Making Test A (seconds), WMS-R AC: Wechsler
Memory Scale Revised attention/concentration (index), RBMT picture: subtest of the picture recognition of the Rivermead Behavioural Memory Test (possible range 0-10), RBMT
immediate story recall : subtest of the immediate story recall of the Rivermead Behavioural Memory Test (possible range 0-25), RBMT delayed story recall : subtest of the delayed
story recall of the Rivermead Behavioural Memory Test (possible range 0-25), TUG : Timed Up & Go Test (seconds).

2 p value<0.05.

® pvalue<0.01.

€ p value<0.001.

Table 3
Intraclass correlation coefficients (ICCs) and quantitative rCBF of each brain region.
Brain ROI IcC Quantitative rCBF One-way ANOVA Tukey-Kramer HSD
reglon  Nimber Average (ml/100 g/min) +SD p value
AOS NOS NC F(2,18) pvalue Between AOS and NC  Between NOS and NC  Between AOS and NOS

SPL 1,2 085 18.0+80 204+39 37.0+3.7 2417 p<0.0001 AOS<NC NOS<NC p=0.6924
p<0.0001 p<0.0001

IPL 13,14 094 205+8.1 225+49 421440 28.43 p<0.0001 AOS<NC NOS<NC p=0.7953
p<0.0001 p<0.0001

LFC 3,4,15,16 099 228470 278452 477458 33.40 p<0.0001 AOS<NC NOS<NC p=0.2915
p<0.0001 p<0.0001

LTC 23,24 097 239429 214436 484455 90.13 p<0.0001 AOS<NC NOS<NC p=05168
p<0.0001 p<0.0001

LOC 29, 30 099 284+57 245+48 43.1+64 21.03 p<0.0001 AOS<NC NOS<NC p=0.4287
p=0.0003 p<0.0001

MFC 5,6,17,18 099 273468 306475 492470 19.22 p<0.0001 AOS<NC NOS<NC p=0.6677
p<0.0001 p=10.0003

MoOC 27,28 097 3524104 342451 546+46.7 15.51 p=0.0001 AOS<NC NOS<NC p=0.9685
p=0.0005 p=10.0003

PCP 9,10,11,12 089 304453 264+75 4744105 1350 p=0.0003 AOS<NC NOS<NC p=0.6219
p=0.0025 p=0.0003

FWM 19,20 098 195453 232458 307455 7.32 p=0.0047 AOS<NC p=0.0530 p=04515
p=0.0040

SC 7.8 079 218452 189481 31.745.1 8.02 p=0.0032 AOS<NC NOS<NC p=0.6753
p=0.0216 p=0.0034

GCC 31 092 124432 119457 225+£3.0 14.28 p=0.0002 AOS<NC NOS<NC p=0.9691
p=0.0008 p=20.0005

HCN 21,22 097 219+6.1 23.7+44 438+64 31.69 p<0.0001 AOS<NC NOS<NC p=0.8240
p<0.0001 p<0.0001

TH 25, 26 099 25.1+6.1 283+52 546490 38.17 p<0.0001 AOS<NC NOS<NC p=0.6611
p<0.0001 p<0.0001

PN 32 099 236+9.1 28.1+40 46.0+5.8 2234 p<0.0001 AOS<NC NOS<NC p=0.4203
p<0.0001 p=0.0002

HCB 33,34 098 31.7+11.6 339+75 557493 13.25 p=0.0003 AOS<NC NOS<NC p=0.9083
p=0.0006 p=0.0014

VCB 35 096 3354110 325453 56.1+104 14.54 p=0.0002 AOS<NC NOS<NC p=0.9774
p=0.0007 p=10.0004

SPL, superior parietal lobe ; IPL, inferior parietal lobe ; LFC, lateral frontal cortex ; LTC, lateral temporal cortex ; LOC, lateral occipital cortex ; MFC, medial frontal cortex ; MOC, medial
occipital cortex ; PCP, posterior cingulate gyrus and precuneus ; FWM ; frontal white matter ; SC, semioval center ; GCC, genu of corpus callosum ; HCN, head of caudate nucleus ; TH,
thalamus ; PN, pons ; HCB, hemisphere of cerebellum ; VCB, vermis of cerebellum.

AOS : iNPH patients with apparent objective symptoms, NOS: suspected iNPH patients with no objective symptoms, NC : normal controls.

rCBF : regional cerebral blood flow.
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any apparent objective triad symptoms. The NOS group did not
significantly differ from the NC group in any of the cognitive or gait
evaluations, although the lack of significant difference might be due to
a type Il error because of the small sample size of this study. In all
brain regions examined except for in the frontal white matter, the
quantitative rCBF of the NOS group was significantly less than that of
the NC group. Although the difference of the quantitative rCBF in the
frontal white matter between the NOS and NC groups did not reach
the significant level, the trend (p value = 0.0530) that the quantitative
rCBF of the NOS group was less than that of the NC group was shown
in this region. The NOS group did not significantly differ from the AOS
group in the quantitative rCBF in any of the regions, although the lack
of significant difference might be due to a type Il error because of the
small sample size.

Two methods are generally used to compare rCBF values among
different groups, the ROI method and voxel-based statistical image-
analyzing methods. Advantages of the latter are that they can analyze
rCBF automatically and absolutely in a user-independent fashion and
can analyze rCBF of the whole brain easily, making it better than the
ROI method for many subjects. A disadvantage of the voxel-based
methods is that they work poorly with patients with severely
distorted brains, which are difficult to normalize in SPM [7,17] or in
3D-SSP [18], leading to incorrect results. On the other hand, the ROI
method can avoid the distortion problem by using MR image
templates to locate the ROIs on anatomically precise regions. The
main disadvantage of the ROI method is that it has an inherent
arbitrariness based on how the regions are selected. For patients with
iNPH-specific severely distorted brains, the ROl method is more
suitable than the voxel-based statistical image-analyzing methods
and was used to compare the rCBF values among the AOS, NOS, and
NC subjects in this study. The ICCs for measuring the rCBF in different
regions (0.79 to 0.99) were higher than those in other ROI analyses
[38,39], and indicate high reliability of the ROI method used in this
study. However, we could not completely erase the arbitrariness that
necessarily accompanies the ROI method. Another problem was that
an investigator, even though blinded to the subjects’ clinical
information, could distinguish MR images of the NC subjects from
those of the AOS and NOS subjects. However, because the MR images
of AOS and NOS were indistinguishable, the investigator was
completely blind to whether iNPH-like MR images were those of
AOS or NOS.

The NOS patients were probably in the very early stage of iNPH
because their MR images showed enlarged sylvian fissures together
with ventriculomegaly and narrowed subarachnoid spaces at the high
convexity, which are not observed in patients with disease other than
iNPH. “High (superior) convexity” was first used by Kitagaki, et al [4]
to indicate the suprasylvian subarachnoid space. Although many
researchers have used “high convexity” [2], the term has not been
defined strictly. However, “high convexity” covers the superior
parietal lobe. In addition, the mean scores of all the cognitive tests
in the NOS group were located between those of the NC and AOS
groups, although there were no significant differences between the
NOS and NC groups in any of the cognitive tests. The NOS group
showed no gait disturbance at all. The slight cognitive impairment
with no gait disturbance in patients with NOS in this study was
consistent with findings of the first report of AVIM [2]. In that study,
two of the eight subjects who were diagnosed as AVIM at their first
examination subsequently showed cognitive deterioration and were
diagnosed as having iNPH.

Our finding that rCBF of the NOS group was reduced just as much
as in the AOS group was not what we hypothesized. The fact that rCBF
was equally reduced in the AOS and NOS groups suggests that factors
other than reduced rCBF are involved in the manifestation of
symptoms in iNPH patients. Possible factors include (1) low
availability of striatal D2 receptor, which is associated with hypoki-
netic gait and anhednic mentation in iNPH patients [40], (2) the

compressive effect of the ventricles on several brain areas [41-43], (3)
apoptosis of neuronal cells [44], and (4) dysfunction of the neurons
[45].

A limitation of our study is the small sample size. Another
limitation is that our study was based only on cross sectional data, and
not on longitudinal data. We intend to monitor the NOS group in this
study to see if they develop objective iNPH symptoms. Third, we did
not attempt to closely match the degrees of ventriculomegaly and
narrowing of the sulci at the high convexity between the NOS and AOS
patients. The degree of morphological change in the brain might be
different between the two groups. These issues should be taken into
consideration before the findings can be generalized.

In this study, we were unable to identify the neuroanatomical
bases of the triad symptoms by quantitative rCBF analyses of NOS and
AOS patients. Our results indicate that hypoperfusion developed in all
brain regions before the appearance of the triad symptoms and was
not correlated with the degree of symptoms in patients with iNPH.
Further studies that compare factors other than rCBF between iNPH
patients with NOS and AOS should provide some clues to the
pathogenesis of iNPH.
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